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INTRODUCTION 
Supramolecular chemistry is defined as the chemistry of non-covalent interactions, 
encompassing the chemistry of muUi-component molecular assemblies[l, 2]. Over the 
last few decades, chemists have learnt to manipulate receptor molecules by using 
synthetic skills in attempts to mimic natural systems[3-6].In this context, selective 
recognition of molecules is an important challenge in the field of supramolecular 
chemistry. To achieve this goal in abiotic receptors, the alignment of the receptor 
binding sites on a platform must complement the size, shape, and electronic properties 
of a targeted guest [7,8].Supramolecular chemistry is still a young field, meaning that 
it can be rather difficult to define exactly what it encompasses - indeed it is a field 
that has developed rapidly due to contributions fi^om a variety of related fields. 
Supramolecular chemistry is classified into three categories: (1) the chemistn,' 
associated with a molecule recognizing a partner molecule (molecular recognition 
chemistry); (II) the chemistry of molecule built to specific shapes; (III) the chemistry 
of molecular assembly from numerous molecules. Molecular recognition chemistr> 
generally deals with the smallest supramolecular system, and encompasses 
interactions between just a few molecules [10-12]. Molecular recognition is 
ftindamental to all supramolecular chemistry. Long before the field of supramolecular 
chemistry was initiated, there was a field of research known as molecular recognition 
chemistry (host-guest chemistry), where various host molecules were proposed to 
show molecular recognition. Another area of research focused upon the chemistry of 
molecular assemblies and molecular associations. Combining these chemistries, Jean-
Marie Lehn proposed a united research field that was termed "supramolecular 
chemistry": the chemistry of molecular systems beyond individual molecules. 
Therefore, the origins of supramolecular chemistry are strongly linked to molecular 
recognifion chemistry, which investigates how host molecules recognize guests and 
how molecules associate. The main concept associated with molecular recognition is 
the "lock and key" concept proposed by Emil Fisher at the end of the nineteenth 
century. From a color change in a flask to highly sophisticated biological 
mechanisms, every action that occurs around us is the result of chemical reaction and 
physicochemical interactions occurring in various combinations. These reactions and 
interactions often seem to occur randomly, but this is rarely true. They often occur in 
a highly organized system such as those found in biological settings- as the molecules 
recognizes the best partner. This mechanism is called"molecular recognition". The 
importance of molecular recognition was realized around the middle of the nineteenth 
century. Pasture noticed that there are two kinds of crystals of tarteric acid that are 
mirror image of each other, and these chiral isomers spontaneously self-recognize. 
resulting in the separate crystallization of each type. In molecular recognition, a 
molecule selectively recognizes its partner through various molecular interactions. 
Electrostatic interactions occur between charged molecules. An attractive force is 
observed between oppositely charged molecules, and a repulsive force between 
molecules with the same type of charge (both negative or both positive). The strength 
of this interaction changes in inverse proportion to the dielectric constant of 
surrounding medium. Therefore, in a more hydrophobic environment with a smaller 
dielectric constant, the electrostatic interaction becomes stronger. If a functional 
group is in equilibrium between ionized and neutral forms, the population of the latter 
form decreases in a hydrophobic medium, resulting in a decreased contribution from 
the electrostatic interaction. Dipole- dipole and dipole- ion interactions play important 
role in neutral species instead of electrostatic interaction. Hydrogen bonding plays a 
crucial role during recognition, although a hydrogen bonding interaction is weaker 
than an electrostatic interaction. Hydrogen bonding only occurs when the ftinctional 
groups that are interacting are properly oriented. This is why hydrogen bonding is the 
key interaction during recognition in many cases. The importance of hydrogen 
bonding to molecular recognition is illustrated by the base-pairing that occurs in DNA 
strands, where nucleobases recognize their correct partner in highly specific way. 
Hydrogen bonding is one type of dipole-dipole interaction, where positively polarized 
hydrogen atom in hydroxyl (OH) group and amino groups (-NH-) contribute. Because 
the polarized hydrogen atom has a small radius, it strongly interacts with other 
electron-rich atoms (C in C=0, N in CN) located nearby, this results in relatively 
strong direction -specific hydrogen bonding between these functional groups. 
The van der Waals interaction is weaker and less specific than those described above, 
but it is undoubtedly important because this interacdon generally applies to all kinds 
of molecules. It is driven by the interaction of dipoles created by instantaneous 
unbalanced electronic distribution in neutral substances. Although individual 
interactions are negligible, the combined cooperative contributions from numerous 
van der Waals interactions make a significant contribution to molecular recognition. 
When the interacting molecules have surface with complementary shape, as in the 
lock and key concept, the van der Waals interaction becomes more effective. This 
interaction is especially important when the host molecule recognizes the shape of 
guest molecule. 
In an aqueous medium, the hydrophobic interaction plays a very important role. It is 
the major driving force for hydrophobic molecules to aggregate in an aqueous 
medium, as seen in the formation of a cell membrane fi'om lipid-based components. 
The hydrophobic interaction is not, as its name suggest, an interaction between 
hydrophobic molecules. This interaction is related to the hydration structure present 
around hydrophobic molecules. Water molecules form structured hydration layers that 
are not entropically advantageous. It is believed that hydrophobic substance aggregate 
to minimize the water molecules involved in the hydration layers. However, the 
mechanism and nature of the hydrophobic interaction is not that clear. Unusual 
characteristics, such as incredible interaction distance, have been reported for the 
hydrophobic interaction, and ftindamentals of hydrophobic interaction are under 
debate even today. 
ri-n interactions occur between aromatic rings, and these sometimes provide 
important contributions to molecular recognition. When the aromatic ring face each 
other, the overlap of 7i-electron orbitals results in an energetic gain. For example, the 
double-strand structure of DNA is partially stabilized through 7t-7t interaction between 
neighboring base-pairs. In molecular recognition system that appears in the following 
sections, selective and effective recognition is achieved through various combinations 
of above-mentioned molecular interactions. When several types of molecular 
interaction work together, a cooperative enhancement in molecular association is 
often observed. Finding an appropriate combination of molecular interactions is the 
key to designing efficient molecular recognition systems[14-18]. 
Crown ethers were the artificial host molecules discovered. They were accidentally 
founds as a byproduct of an organic reaction. This cyclic compound increased the 
solubility of potassium permanganate in benzene or chloroform. The solubility of this 
cyclic compound in methanol was enhanced in the presence of sodium ion. Crown 
ethers with larger inner cores can bind larger ions and smaller ions are accommodated 
by smaller crown ethers. Although these crown ethers are relatively simple molecules, 
they can recognize ion size. Because the rings of the crown ethers are rather flexible, 
there is some degree of structural freedom during complexation. One of the most 
important aims of molecular recognition is chiral recognition, because it is commonly 
achieved in biological systems. Receptors in our body easily distinguish between two 
molecules that have same chemical composition but different structures around a 
chiral carbon atom. 
Some naturally occurring cyclic hosts that possess molecular recognition capabilities 
were known before crown ethers were discovered. For example, the cyclic 
oligopeptidevalinomycin and the cyclic oligosaccharide cyclodextrin were found to 
bind to specific guest molecule. Calixarenes were developed later than crown ethers 
and cyclodextrins but have still been extensively researched. Macrocycles of calix [n] 
arenes are constructed by linking a number of phenol residues via methylene moities. 
Like crown ethers, the name "calixarene" reflects the structures of these molecules, 
since a calix is a chalice. Cahxarenes with various cavity size have been designed, 
each of which has conformation isomers, and their phenolic hydroxyl groups are often 
modified. These structural characteristics allow us to create calixarenes derivatives 
structural modifications. 
Host-guest chemistry is based on specific molecular interactions, which is the bedrock 
of sppramolecular chemistry. It is worth noting at this point that complexation 
between appropriate host and guest can also be used to form large aggregate. Various 
families of novel supramolecules obtained via spontaneous designed covalent linkage 
have been attracting a great deal of attention recently. These supramolecules have 
interesting and unique geometric features and provide the key to many tailored 
supramolecular topologies. Fullerenes are closed spheroid structures created from 
carbon pentagons and hexagons. Systematic molecular branching and extension result 
in the stepwise formation of dendrimers, which can trap other molecules or ion. Like 
fiillerenes,carbon nanotubes are constructed from joining together hexagons and 
pentagons of carbons, but they are long tubes that generally include a much larger 
number of carbon atoms than closed ftiUerenes. Fullerenes and carbon nanotubes are 
formed spontaneously based on the restricted rules of carbon linkage. Superstructures 
where we are free to design their sizes and shapes are sometimes more attractive 
prospects. Molecular recognition via hydrogen bonding and coordination interactions 
where a host molecule interactsprecisely with the guest molecule to form a relatively 
supermolecule. The geometry of the host-guest complex is dictated by the relative 
positions of the interacting functional groups, and applying many of these recognition 
pairs leads to the construction of assemblies with well defined shapes. The structure 
of supramolecular assemblies is programmed in the molecular units that it is 
constructed from. When sizes of assemblies, created by formation of supramolecular 
assemblies via precise programs based on metal coordination hydrogen bonding, 
become significantly large. They become practical material with structure that can 
provide interesting fiinctionality. For example, regular crystalline structures provide 
intermolecular spaces with defined sizes and shapes where specific recognition and 
the other related fiinctionality can be expected. Various supramolecular crystals have 
been reported[ 19-20]. Several example of unit molecules used to build 
supramolecular crystals are shown below: 
Perhydrotriphenyiene 
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9,9'-bianthryl 
Anthracene bisresorcinol 
Approaches to functionahzing supramolecular systems are explained as various 
molecular devices are introduced. Molecular devices are functional materials that are 
structurally precise down to the molecular level that are constructed using the 
concepts of supramolecular chemistry. Supermolecules capable of electron 
conduction an electrical switches (molecular electronic devices), supennolecules that 
respond to light and manipulate photonic information (molecular photonic devices), 
supermolecules that can be used for information processing and calculation 
(molecular computer), and supermolecules that move, rotate, and catch target 
(molecular machines) are example of molecular devices. Well defined molecular 
assemblies provide useful devices for direction controlled information transfer. These 
examples suggest that supramolecular chemistry will be the main tool used in the 
development of nanotechnology.Molecular devicesmay be defined as structurally 
organized and fijnctionally integrated chemical systems built into supramolecular 
architectures. The development of such devices requires the design of molecular 
components (effectors) performing a given function and suitable for incorporation 
into an organized array such as that provided by the different types of polymolecular 
assemblies (see above). The components may be photo-, electro-, iono-, magneto-, 
thermo-, mecano-, chemo-active depending on whether they handle photons, electrons 
or ions, respond to magnetic fields or to heat, undergo changes in mechanical 
properties or perform a chemical reaction. A major requirement would be that these 
components and the devices that they bring about to perform their function(s) at the 
molecularand supramolecularlevels as distinct from the bulk material[21,22]. 
Molecular devicesmay be defined as structurally organized and fiinctionallyintegrated 
chemical systems built into supramolecular architectures. The development of such 
devices requires the design of molecular components (effectors)performing a given 
function and suitable for incorporation into an organizedarray such as that provided 
by the different types of polymolecularassemblies. The components may be photo-, 
electro-, iono-, magneto,thermo-, mecano-, chemo-active depending on whether they 
handle photons,electrons or ions, respond to magnetic fields or to heat, undergo 
changesin mechanical properties or perform a chemical reaction. A major 
requirementwould be that these components and the devices that they bring about, 
performtheir fimction(s) at the molecular and supramolecularlevels as distinct from 
thebulk material.Molecular receptors, reagents, catalysts, carriers and channels are 
potentialeffecters that may generate, detect, process and transfer signals by making 
useof the three-dimensional information storage and read-out capacity operatingin 
molecular recognition and of the substrate transformation and translocationprocesses 
conveyed by reactivity and transport. Coupling and regulation mayoccur if the 
effecters contain several subunits that can interact, influence eachother and respond to 
external stimuli such as light, electricity, heat, pressure.etc.The nature of the mediator 
(substrate) on which molecular devices operatedefmes fields of molecular photonics, 
molecular electronics and molecularionics. Their development requires to design 
effecters that handle these mediatorsand to examine their potential use as components 
of molecular devices. Weshall now analyze specific features of molecular receptors, 
carriers and reagentsfrom this point of view.The formation of supramolecular entities 
from photoactive and/or electroactivecomponents may be expected to perturb the 
ground state and excited stateproperties of the individual species, giving rise to novel 
properties that define asupramolecular photochemistryandelectrochemistry.Thus. a 
number of processes may take place within supramolecular systems,modulated by the 
arrangement of the bound units as determined by theorganizing receptor: 
photoinduced energy migration, charge separation byelectron or proton transfer, 
perturbation of optical transitions and polarisabilifies,modification of redox potentials 
in ground or excited states, photoregulationof binding properties, selective 
photochemical reactions, etc.Supramolecular photochemistry, like catalysis, may 
involve three steps:binding of substrate and receptor, mediating a photochemical 
process followedby restoration of the initial state for a new cycle or by a chemical 
reaction[23]. 
In recent years, the design and synthesis of supramolecular structures has been a 
research field of rapid expansion, which is not only because of their intriguing 
molecular structures, but also due to their interesting properties as new functional 
materials of tremendous potential applications, such as ion and molecular recognition, 
ion-exchange, and catalysis for reactions [24]. The selection of the ligand is extremely 
important because changing the structure of the organic ligand can control and adjust 
the topologies of coordination frameworks [25,26]. Among various organic ligands, 
carboxylate ligands are selected as multifunctional organic ligands, not only because 
of their various coordination modes to metal ions, but also because of their ability to 
act as hydrogen bonding acceptors and donors to assemble supramolecular 
structures[27]. 
Design and synthesis of organic and metal-organic compounds with unusual and 
tailorable structures are fundamental steps to discover and fabricate various flinctional 
supramolecular devices or technologically useful materials [28-31]. A considerable 
progress has recently been made on the crystal engineering of 
supramoleculararchitectures organized and sustained by meansof coordinate covalent. 
supramolecular contacts (such as hydrogen bonds, pi-pi interaction), aurophilicity 
interactionand so on [32-37]. The current interest has been focusedon the controlled 
assembly of donor and acceptorbuilding blocks in order to generate an entirely 
supramolecularpolymer. In this context, the rational designof organic ligands and 
judicious selection of coordinationgeometry of metal ions have crucial effect on 
theformation of desirable frameworks. As an excellentbuilding block in the design 
and construction of supramolecularpolymers, 4,4'-bipyridine (4,4'-bipy) has 
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beenrelatively well-known. It can not only act as an exobidentatebridging ligand [38-
46], but can also serve asa terminal ligand or an uncoordinated guest molecule,which 
may be further involved in hydrogen bonding and/or n-n stacking interactions [47-
50]. The metal-organicframeworks constructed by the bridging 4,4'-bipy and metal 
ions are strongly dependent on the geometricpreference of the metal ions and the 
metal-to-ligand molarratio. In principle, the 1:1 metal-to-ligand molar ratiousually 
only generates linear [38] or zigzag chainstructures [39], the 1:1.5 metal-to-ligand 
molar ratio cangenerate molecular ladder [40-42], honeycomb [43] andmolecular 
bilayer [44]; the 1:2 metal-to-ligand molar ratioresults in square grid [45-46] and 
diamondoid-likestructures[47]. 
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PRESENT WORK 
The formation of supramolecules requires direction-specific molecular interactions. 
Metal-ligand interactions satisfy this requirement. Hydrogen bonding is a good 
interaction because hydrogen bonding requires a specific geometry for the pair of 
interacting components. When a hydrogen donating group (donor) and a hydrogen 
accepting group (acceptor) are oriented favorably to each other at an appropriate 
distance, a hydrogen bond is formed. Therefore, hydrogen bonding is important 
interaction when precise recognition of molecules is required. Two molecules with 
complementary sites of donor groups and acceptor groups form particularly strongly 
interacting pairs. Nature makes good use of this concept, for example, exact DNA 
replication relies upon complementary hydrogen bonding between nucleobases. 
The present work deals with the synthesis and charactenzation 
ofsupramolecular compounds having transition metal centre particularly Co(II),Zn(ll) 
and Ni(II). The versatility of carboxylate anions, as seen by their diverse coordination 
modes to metal centers, results in the formation of various new structural types for 
metal carboxylates[51].Polycarboxylates have often been used as mono, bi-, or 
multidentate ligands to bind transition metal centers leading to the formation of 
moderately robust metal-organic frameworks [52]. An attempt was made for the 
synthesis of ligand, L by the condensation reaction of 4-aminobenzoic acid and o-
phthalaldehyde in 2:1 molar ratio in methanol. This ligand, L was successftjllyreacted 
with metal ion [Co(II),Zn(II) and Ni(II)] to form novel supramolecular 
compounds.The newly synthesized compounds have been characterized using 
physico-chemical methods, viz, IR, UV-Visible, NMR, elemental analysis and mass 
spectroscopic studies. 
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EXPERIMENTAL 
METHODS 
The basis of this chapter is to amphfy the methods that are used to identify the 
supramolecular compounds. No single technique is enough to provide a complete 
characterization of compounds rather, a variety of techniques are required in 
combination. 
There are several physico-chemical methods available for the study of 
supramolecular compounds and a brief description of the techniques used in the 
investigation of the newly synthesized complexes described in the present work are 
given belov/: 
1- Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Ultraviolet and Visible (Ligand Field) Spectroscopy 
4- Mass spectroscopy 
5- Elemental analysis 
6- Molar Conductance Measurements 
INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample some of the frequencies are absorbed 
while other frequencies are transmitted tlirough the sample without being absorbed. 
The plot of the absorbance or percent transmittance against wavelength result in an 
infrared spectrum. 
The IR radiation does not have enough energy to induce electronic transitions 
observed in UV spectroscopy. Absorption of IR radiation is restricted to the 
13 
compounds with small energy differences in the possible vibrational and rotational 
states. For a molecule to absorb IR radiation, the vibrations or rotations within a 
molecule must cause a net change in the dipole moment of the molecule. The 
alternating electrical field of the radiation interacts with fluctuations in the dipole 
moment of the molecule. If the frequency of the radiation will be absorbed, causing a 
net change in the amplitude of the molecular vibration. 
In the absorption of the radiation, only transition for which change in the vibrational 
energy level is AV=1 can occur, since most of the transition will occur from stable Vo 
to Vjthe frequency corresponding to its energy is called the fundamental frequency. 
The group frequency which are frequencies of certain groups are characteristic of the 
group irrespective of the nature of the molecule in which these groups are attached. 
The absence of any band in the approximate region indicates the absence of that 
particular group in the molecule. 
The term "infrared" covers the range of electromagnetic spectrum between 0.78 and 
1000 fim. In the context of infrared spectroscopy, wavelength is measured in 
"wavenumbers", which have the unit cm"' 
Wave number = 1/wavelength in centimeters 
V=I/?l 
It is usefiil to divide the infrared region into three sections; near, mid and far infrared; 
Region Wavelength range()im) Wavelength range(cm"') 
Near 0.78-2.5 12800-4000 
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MWdle 2.5-50 4000-200 
Far 50-1000 200-10 
Important Group Frequencies in the IR Spectra Pertinent to the Discussion of 
the Newly Synthesized Compounds. 
a)N-H Stretching Vibrations 
The N-H Stretching vibrations occur in the region 3300-3500 cm"' in the dilute 
solution [53]. The N-H stretching band shifts to lower value in the solid state due to 
the extensive hydrogen bonding. Primary amines in the dilute solutions, in non-polar 
solvents give two absorptions i.e. symmetric stretch found near 3400 cm' . Secondary 
amines show only a single N-H stretching band in dilute solutions. The intensity and 
frequency of N-H stretching vibrations of secondary amines are very sensitive to 
structural changes. The band is found in the range 3310-3350 cm' (low intensity) in 
aliphatic secondary amines and near 3490 cm' (much higlier intensity) in hetrocyclic 
secondary amines such as pyrazole and imidazole. 
b) Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs generally in the region 
of 2840-3000 cm" . The position of C-H stretching vibrations are among the most 
stable in the spectrum. An examination of a large number of saturated hydrocarbons 
containing methyl group showed [1] in all cases, two distinct bands occumng at 2960 
cm" and 2870 cm''. The first of these results from asymmetric stretchmg mode ui 
which two C-H bonds of the methyl group are extending while the thud one is 
contracting (Vasy, CH3). The second arises from symmetnc stretching (v.sy, CH3) in 
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which all three of the C-H bonds extend and contract in phase. The presence of 
several methyl groups in a molecule results in a strong absorption bands at these 
vibrational modes. 
c)C-N Stretching Frequency 
I The C-N stretching absorption occurs as strong bands in the region 1250-1350 cm in 
all amines [53,54]. In primary aromatic amines it shows one band in the region 1250-
1340 cm'' but in secondary amines two bands have been found in the regions 1280-
1350 cm"' and 1230-1280 cm"'. 
d) C=N Stretching Frequency 
Schiff bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates etc. show the 
C=N stretching frequency in the 1471-1689 cm' region [53,54]. Although the 
intensity of the C=N stretch is variable, however it is usually more intense than the 
C=C stretch. 
d) M-N Stretching Frequency 
The M-N stretching is of particular interest since it provides direct infonnation 
regarding the-nitrogen coordinate bond. Different amines complexes exhibited [54] 
the metal-nitrogen frequencies in the 215-465 cm"' region. 
e) M-X Stretching frequency 
Metal halogen stretching bands appear [54] in the region of 500-750 cm"' for M-F, 
200-400 cm"' for M-Cl, 200-300 cm"' for M-Br and 100-200 cm"' for M-1. 
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f) M-O Stretching Frequency 
Metal-Oxygen stretching frequency has been reported [55] to appear in different 
regions for different metal complexes. The M-0 stretching frequency of the 
complexes, in which oxygen of the carbonyl group or carboxylic group is the donor 
site, lie in the range 510-625 cm" . 
g) C=0 stretching vibrations 
Ketones, aldehydes, carboxylic acids, carboxylic esters, lactones, acid halides, 
anhydrides, amides and lactanes show [56] a strong stretching absorbtion band in the 
region of 1870-1540 cm"'. Its relatively constant position and high intensity and 
relative freedom from interfering bands make it as one of the easiest band to 
recognize in infrared spectra. 
h) Carboxylate group Vibrations 
Extensive Infrared studies have been made on metal complexes of carboxylic 
acids [57]. The asymmetric, VasCCO?") and the symmetric, Vsy(C02") of free acetate 
ion have been reported to appear ca. 1560 and 1417 cm"' , respectively. In case of 
unidentate mode of bonding of carboxylate group the v(C=0) is higher than VasCCOo 
) and v(C-O) is lower than VsyCCOa) resulting in much larger separation between the 
two v(CO) in unidentate complexes in the free ion. 
In a series of unidentate complexes, v(C=0) increases and v(C-O) decreases as the M-
O bond becomes stronger. 
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NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
' H - N M R Spectroscopy 
Nuclear Magnetic Resonance Spectroscopy is a powerfial and theoretically complex 
analytical tool where experiments performed on the nuclei of atoms. The chemical 
environment of specific nuclei is deduced from information obtained about the nuclei 
which is assumed to rotate about an axis and thus have the property of spin. In many 
atoms (such as ''^ C) these spins are paired against each other, such that the nucleus of 
the atom has no overall spin. However, in some atoms (such as 'H and '^ C ) the 
nucleus does possess an overall spin. The rules for determining the net spin of a 
nucleus are as follows: 
1. If the number of neutrons and the number of protons are both even, then the 
nucleus has no spin. 
2. If the number of neutrons plus the number of protons are both odd, then the 
nucleus has a half-integer spin (i.e. Vi, 3/2, 5/2). 
3. If the number of neutrons and the number of protons are both odd, then the nucleus 
has an integer spin (i.e. 1, 2, 3) 
4. The overall spin, I, is important. Quantum mechanically a nucleus of spin 1 will 
have 21+1 possible orientations. The nuclei with 1=0, do not possess spin angular 
momentum and do not exhibit magnetic resonance phenomena. The nuclei of '"^ C 
and'^0 and fall into this category. Nuclei for which 1=1/2 include 'H , 'V, '^C, ''P 
and '^N, while ^H and ' V have 1=1. 
Since atomic nuclei are associated with charge, a spinning nucleus generates a small 
electric current and has a finite magnetic field associated with it. The magnetic dipole. 
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\i, of the nucleus varies with each moment. When a spinning nucleus is placed in a 
magnetic field, the nuclear magnet, experiences a torque which tends to align it with 
the extemal field. For a nucleus with a spin of Vi, there are two allowed orientations of 
the nucleus, parallel to the field (low energy) and against the field (high energy). 
Since the parallel orientation is lower in energy, this state is slightly more populated 
than the anti-parallel, high energy state. 
If the orientation nuclei are now irradiated with electromagnetic radiation of the 
proper frequency, the lower energy state will absorb a quantum of energy and flip to 
the high energy state. When this spin transition occurs, the nuclei are said to be in 
resonance with the applied radiation, hence the name Nuclear Magnetic Resonance. 
'^C-NMR Spectroscopy 
Carbon- 13 has a nuclear spin of Vi and can be observed by NMR at a frequency of 
10.705 Mhz at field strength of 10 Kilogauss. The analysis is limited by the following: 
The relative abundance of '^ C is only 1.1% (compared to '^C), the '^ C resonances has 
only 1.6% the sensitivity of the 'H resonances and the relaxation time for '^ C is longer 
than ' H . '•'C chemical shifts span slightly over 200 ppm in contrast to the typical 8 to 
9 ppm range in the ' H NMR; thus considerably more structural information is 
generally available fi-om '^ C NMR chemical shift data. A second very important 
difference between ' H and '^C NMR spectroscopy is that diamagnetic effects are 
dominant in the shielding of the hydrogen nucleus, whereas paramagnetic effects are 
the dominant contributors to the shielding of the '^ C nucleus. Long-range shielding 
effects that were important in the ' H NMR are less important in '^ C NMR. As a result, 
C chemical shifts generally do not parallel 'H chemical shifts. Since the spin number 
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for '^C is the same for ' H , the same rules apply for predicting the multiplicity of this 
absorption. The coupling constants for ' ^C- 'H are large (100-250 Hz) and thus 
interpretation of the '^C spectra can be difficult because of the overlapping ' ^C- 'H 
multiplets. To simplify the spectrum, '"'C-NMR spectra are generally recorded under 
double resonance conditions in which the coupling of 'H to '^ C is destroyed. 
Complete ' H coupling is accomplished by irradiating the 'H to resonance region with 
broad band width radio frequency radiation, termed "noise", sufficient to cover the 
entire ' H to resonance region. The '^ C NMR spectra thus obtained contain only 
singlet resonances corresponding to its chemical shifts. 
ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region between 200 
and 1000 nm. These transitions correspond to the excitation of electrons of the 
molecules from ground state to higher electronic states. In a transition metal all the 
five d-orbitals viz., dxy,dyz,dxz, ^z and dx^ -y^  are degenerate. However, in coordination 
compounds due to presence of ligands this degeneracy is lifted and d-orbitals split in 
to two groups called ijg (dxy, dyz and dxz) and Cg (dz^  and dx^ .y") in an octahedral 
complex and t and e in a tetrahedral complex. The set of t2g orbitals goes below and 
the set of Cg orbitals goes above the original goes above the original level of the 
degenerate orbitals in an octahedral complex. In case of the tetrahedral complexes the 
position of the two sets of the orbitals is reversed, the e going below and t going 
above the original degenerate level. When a molecule absorbs radiation, its energy 
equal in magnitude to hv can be expressed by the relation: 
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E = hv 
or E = hc/X 
Where h is Planck's constant, v and X are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device of energy 
level diagram based upon 'Russell Saunders Scheme' must be introduced. This has 
the effect of splitting the highly degenerate configurations in to groups of levels 
having lower degeneracies known as Term Symbols'. 
The orbital angular momentum of electron in filled shell vectorially adds up to zero. 
The total orbital angular momentum of an incomplete d shell electron is observed by 
adding 1 value of the individual electrons, which are treated as a vector with a 
component ml in the direction of the applied field. Thus 
L = Zimlr 0,1, 2, 3,4,5,6 
S, P, D, F, G, H, I 
The total spin angular momentum S = XiSiwhereSj is the value of spin angular 
momentum of the individual electrons. S has the degeneracy T equal to 2S + 1, which 
is also known as 'Spin MultipHcity'. Thus a term is finally denoted as 'TL' . For 
example, if S = 1 and L = 1, the term will be P^ and similarly if S = 1 Vi , and L = 3, 
the tenn will be ""F. 
In general the term arising from a d" configuration are as follows: 
d'd" : ^D 
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d^^ : ¥ , ^ P , ' G , ' D , ' S 
d^d^ : ^ F / P , ^H, ^ G, ^ F, ^D(2), P^ 
d' d^  : ^D, ^ H, ^ G, ^ F(2), ' D , ¥(2), 'l, 'G(2) , ' F , 'D(2), ' S (2 ) 
d^  : 'S, ^G, ' F , ' D , ' P , ^I, ^ H, ^G(2), ^F(2), ^D(3), "P, ' S 
Coupling of L and S also occurs, because both L and S if non-zero, generates 
magnetic fields and thus tend to orient their moments with respect to each other in the 
direction where their interaction energy is least. This coupling is known as 'LS 
coupling' and gives rise to resultant angular momentum denoted by quantum number 
J which may have quantized positive value from | L + S | up to | L-S | e.g ., in the 
case of •'P (L = 1, S = 1) and '^ F (L = 3, S = 1 Vi ) possible values of J representing 
state, arising from term splitting are 2,1, 0, 4 '/2, 3 '/z, 2 Vz and 1 Vi, respectively. Each 
state specified by J is 2J +1 fold degenerate. The total number of states obtained from 
a term is called the multiplet and each value of J associated with a given value of L is 
called component. Spectral transitions due to spin-orbit coupling in an atom or ion 
occurs between the component of two different multiplets while LS coupling scheme 
is used for the elements having atomic number less than 30, in that case spin orbital 
interactions are large and electron repulsion parameters decrease. The spin angular 
momentum of an individual electron couples with its orbital momentum to give an 
individual J for the electron. The individual J's couple to produce a resultant J for 
atom. The electronic transitions taking place in an atom or ion are governed by certain 
'Selection Rules' which are as follows: 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are forbidden. 
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3. In a molecule which has a centre of symmetry, transitions between two geradeor 
two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron configuration. 
The ligand field splitting due to cubic field can be obtained by considerations of group 
theory. It has been shown that an S state remains unchanged. P state does not split, 
and D state splits into two and F state into three and G state into four states as 
tabulated below. 
S A, 
P Ti 
D E + T2 
F A2+T1 + T2 
G A2 + E + T| + T2 
(Applicable for an octahedral 'Oh' as well as 'Td' symmetry). 
Transitions fi'om the ground state to the excited state occur according to the selection 
rules described earlier. The energy level order of the states arising from the splitting 
of the term state for a particular ion in an octahedral field is the reverse that of the ion 
in the tetrahedral field. However due to transfer of charge firom ligand to metal or 
metal to ligand, sometimes bands appear in the ultraviolet region of the spectrum. 
These spectra are known as 'Charge Transfer Spectra' or 'Redox Spectra". In metal 
complexes there are often possibilities that charge transfer spectra extend into the 
visible region to obscure d-d transition. However, these should be clearly discerned 
from the ligand bands, which might also occur in the same region. 
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MASS SPECTROMETRY 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are 
produced (cations and radical cations) are accelerated in a vacuum through a magnetic 
field and are sorted base on the mass-to-charge ratio. Since the bulk of the ions 
produced in the mass spectrometer carry a unit positive charge, the value m/e is 
equivalent to the molecular weight of the fragment. The analysis of mass 
spectroscopy information involves the re-assembling of fragments, working backward 
to generate the original molecule. 
A very low concentration of sample molecule is allowed to leak into the ionization 
chamber (which is under a very high vaccum) where they are bombarded by a high 
energy electron beam. The molecules fragment and the positive ions produced are 
accelerated through a charged array into an analyzing tube. The path of the charged 
molecules is bent by the applied magnetic field. Ions having low mass (low 
momentum) will be deflected most by this field and will collide with the walls of the 
analyzer, likewise high momentum ions will not be deflected enough and will also 
collide with the analyzer wall. Ions having the proper mass-to-charge ratio, however 
will follow the path of the analyzer, exit through the slit and collide with the collector. 
This generates an electric current which is then amplified and detected. By varying 
the strength of the magnetic field, the mass-to-charge ratio which is analyzed can be 
confinually varied. 
The output of the mass spectrometer shows the plot of relative intensity vs the mass-
to-charge ratio (m/e). The most intense peak in the spectrum is termed as the base 
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peak and all others are reported relative to its intensity. The peaks themselves are very 
sharp and are often simply represented as vertical lines. 
The process of fragmentation follows the simple and predictable chemical pathways 
and the ions, which are formed, will reflect the most stable cations and radical cations, 
which that molecule can form. The highest molecular weight peak observed in a 
spectrum will typically represent the parent molecule, minus a n electron, and is 
termed the molecular ion peak (M^). Generally, small peaks are also observed above 
the calculated molecular weight due to the natural isotopic abundance of "C, "H, etc. 
Many molecules with especially labile protons do not display molecular ions; an 
example of this is alcohols, where the highest molecular weight peak occurs at m/e 
one less than the molecular ion (M-1). Fragments can be identified by their mass-to-
charge ratio, but it is often more informative to identify them by the mass which has 
been lost. That is loss of a methyl group will generate a peak at M-15; loss of an ethyl, 
M-29, etc. 
ELEMENTAL ANALYSIS 
The chemical analysis is quite helpftil in fixing the stoichiometric composition of the 
ligand as well its metal complexes. Carbon, hydrogen and nitrogen analyses were 
carried out on a Perkin Elmer-2400 Analyzer. Chlorine was analyzed by conventional 
method [58] for chlorine estimation, a known amount of the sample was decomposed 
in a platinum crucible and dissolved in water in a little concentrated nitric acid. The 
solution was then treated with silver nitrate solution. The precipitate was then dried 
and weighed. 
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For the metal estimation [62], a known amount of complex was decomposed with 
mixture of nitric, perchloric and-sulphuric acy^ in a beaker. It was then dissolved in 
water and made upto known volume so as to titrate it with standard EDTA. 
CONDUCTIVITY 
The resistance of a sample of an electrolyte solution is defined by 
R=p fl/Aj 
Where, 1 is the length of a sample of electrolyte and Aia the cross sectional area. The 
symbol p is the proportionality constant and is a property of a solution. This property 
is called resistivity or specific resistance. The reciprocal of resistivity is called 
conductivity, K 
K= Up = l/RA 
Since, / is in cm, A is in cm'^  and R in ohms (Q), the unit of ids Q'' cm"' or S cm"' 
(Siemens per cm). 
MOLAR CONDUCTIVITY 
If the conductivity ./ds in O.' cm" and the concentration C is in mol cm"^ , then the 
molar conductivity A is in Q" cm mol" and is defined by 
A^KC 
Where C is the concentration if the solute in mol cm"^ . 
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Conventionally solutions of 10"'' M concentration are used for the conductance 
measurement. Molar conductance value of different types of electrolytes in a few 
solvents are given below: 
A 1:1 electrolyte may have a value of 70-95 ohm" cm mol' in nitromethane, 50-75 -
ohm''cm^ mol"' in dimethylformamide and D2O and 100-160 ohm"' cm'^  mol' in 
methyl cyanide. Similarly a solution of 2:1 electrolyte may have a value of 150-180 
ohm"' cm^ mol"' in nitromethane, 130-170 ohm"' cm^ mol"' in dimethylformamide and 
140-220 ohm' cm^ mol"' in methyl cyanide [58-61]. 
"'•--^r^'"^^'^ 
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EXPERIMENTAL 
Materials 
The reagents used for the reactions described here were purified or dried wherever it 
was necessary. 4-Aminobenzoic acid(Merck-Germany), Ortho-phthalaldehyde 
(Sigma-Aldrich), Metal chlorides ZnCl2; C0CI2.6H2O; NiCl2.6H20 (all Merck,lndia). 
Sodium Hydroxide and Methanol (S. d.fine Chem.Ltd., India), were used as such 
without further purification. 
Synthesis of ligand, [L]. 
2mmol of 4-Aminobenzoic acid dissolved in 10 ml of methanol was slowly added 
over a period of 2 hrs to a solution of Ortho-phthalaldehyde (Immol) dissolved in 
(10ml) of methanol leading to the isolation of creamy colored solid product. The solid 
product thus formed was filtered, washed several times with methanol and dried in 
vacuum. 
Synthesis of Metal Complexes, [ML2]„[M=Zn(II), Co(II), Ni(II)] 
To a methanohc solution of metal chlorides (Immole) dissolve in 25 ml of methanol 
taken in 250 ml round bottom flask and kept on stirring, was added a methanolic 
solution of ligand ,L (2mmol) dissolved in 25 ml of methanol in presence of sodium 
hydroxide. The reaction mixture was stirred continuously for about 10 hrs resulting in 
the fonnation of colored solid compound. The product thus formed was filtered and 
washed several time with methanol and vacuum dried. 
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RESULTS AND 
DISCUSSION 
The ligand, [L] has been prepared by the condensation reaction between 4-
Aminobenzoic acid and o-phthalaldehyde in 2:1 molar ratio in methanol as shown 
(Schemel).The ligand thus formed was found to be stable at room temperature and 
melts at 350°C. It dissolves in most of organic solvents, viz.,MeOH, EtOH, DMSO 
etc. The complexes of the type, [ML2]n were prepared by interaction of metal(ll) 
chloride [M=Co(II), Ni(II), Zn(II)] and the ligand, L in 1:2 molar ratio in methanol 
(Scheme 2). The colored metal complexes,[ML2]nStay stable and dissolve in DMSO. 
The results of elemental analyses agree with the proposed composition of the ligand. 
L and metal complexes, [ML2]n[M=Co(II), Ni(II), Zn(II)] (Tablel). The preliminary 
investigations regarding the formation of the ligand, L and its complexes, [ML2]n, the 
bonding modes, nature of the complexes and the overall geometry around the metal 
ions have been inferred from FT-IR, FAB MASS, NMR, Conductivity and the UV-
visible spectral studies as described below. The molar conductance values of the 
complexes recorded in DMSO correspond to non-electrolyte (Table 1). 
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Scheme 2: Proposed structure of the metal complex. 
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Infrared spectra 
The prominent bands observed in the IR spectra of ligand, L and its complexes are Hsted in 
Table 2.The infrared spectrum of hgand, L exhibits a strong bonds at 1634 cm"' characterized 
of v(C=N) which indicate the condensation reaction between the aldehydic groups of o-
phthalaldehyde and NH2 group 4-aminobenzoic acid. The absence of bands characteristic of 
aldehydic group expected to appear in the region 1720-1680 cm'' of o-phthalaldehyde and 
NH2 group in the region 3200-3400 cm"' of 4-aminobenzoic acid further confirm the 
condensation reaction. The characteristic band for Carboxylic acid group of ligand appears at 
its estimated position at 1670 cm"'. All the complexes exhibited a strong band in the region 
1634-1613 cm" attributed to coordinated azomethine group. The complexes showed strong 
bands in the regions 1574-1562 cm" and 1315-1265 cm"' assigned to the Vasy(COO") and 
Vsy(COO") vibration, respectively. The frequency difference Av of 259-297 cm"' between 
asymmetric and symmetric vibration suggested the coordination of one of carboxylic group 
of ligand, L with metal ion.This was further confmned by the presence of the band appearing 
in the region 480-452 cm"' assigned to the v(M-O) stretching vibration. A characteristic vO-
H band appears as a broad peak in the 2500 to 3000 cm"' region as compared with the free 
vO-H band expected to at about appear in the 3600cm"', indicate the presence of Hydrogen 
bonding through another carboxylic acid group of ligand, L resulting in a supramolccular 
structure of the complexes, [ML2]n-
33 
CO 
X 
o 
05 
T3 
« 
C 
C5 
DC 
.C 
.o 
B 
R 
« 
•a 
"R 
w 
a 
H 
o 00 
• * 
00 
•o 
^ 
(N 
in 
^ 
o 
o 
u 
o 
o 
u 
iri 
I — ' 
rn 
in 
ON 
(N 
, — 1 
oo 
CM 
in 
o^ CN 
^ 
r-~ in 
r—c 
r-in 
^ 
r-in 
(N 
^ in 
•^  
en 
NO 
O 
1 — 4 
NO 
ro 
r—1 
NO NO 
3 
O & 
s 
O 
J J 
o U 
•-J 
z 
J 
c N 
NMR Spectra 
The formation of ligand, L was further supported by the 'H NMR spectral study.The 
'H NMR spectrum of free Ugand L showed resonance signals at 8.10 ppm assigned to 
azomethine protons of proposed ligand. The spectrum of free ligand exhibited 
multiplet in 6.35-7.71 ppm region which may be assigned to o-phthalaldehyde and 4-
aminobenzoic acid protons in the ligand, L. However, the resonance signal assigned 
to carboxylic protons in free ligand disappeared in the 'H NMR spectrum of Zn(ll) 
complex indicating the deprotonation of carboxylic proton and the in\olvement of 
oxygen of carboxylate ion in chelation. The signal due to the 0-Hproton of other 
carboxylic group of ligand, L is observed at 12.08 ppm,which indicatesthe presence of 
carboxylic group of the ligand, Lcoordinated to the Zn(II) complex. However, the 
position of resonance signals for azomethine proton and the aromatic proton undergo 
a slight downfield shift and appeared at 8.45 and 6.57-7.82 ppm, respectively on 
complexation with Zn(II) ion. 
The C NMR spectrum complex revealed the presence of expected number of signal 
corresponding to different type of carbon atoms. A strong ''C NMR signal appeanng 
at 160.2 ppm may reasonably be assigned to azomethine carbons and other at 186 
ppm assigned to carboxylate carbons. The chemical shifts of o-phthalaldehyde and 4-
aminobenzoic acid carbons appear at their estimated positions at the range 142-120 
ppm. However, the downfield shift of about 1.0-2.0 ppm has been noticed in Zn(n) 
complex as compared to the free ligand. 
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Mass spectroscopy 
The FAB-mass spectrum of ligand, [L] showed a molecular ion peak [M]^ at 372 m/z 
which corresponds to its proposed molecular formula. The observed molecular ion 
peak(s) at mi/z 801, 800 and 807 for Co(II), Ni(II) and Zn(II) complexes, respectively, 
Complement with proposed molecular formulae of the complexes. 
UV-Visible spectra 
The electronic spectrum of Co(II) complex showed narrow band near 10,500 cm"' and 
strong and large band around 23,118 cm"' characteristic of square planar geometry. 
The electronic spectrum of Ni(II) complex showed two bands at 18,445 cm and 
22,540 cm'' which may reasonable be assigned to 'Aig(P)—>• 'A2g and 'Aig(P) —• 
'B2g, respectively, suggesting a square planar geometry around Ni(II) ion. However, a 
band at 28,480 cm"' may be due to n—*n* transition. 
36 
CONCLUSION 
The ligand, L was prepared in methanol by the condensation reaction of o-
phthalaldehyde and 4-aminobenzoic acid. Reaction of the ligand, L in methanol with 
C0CI2.6H2O, NiCl2.6H20 and ZnCb yielded complexes with the general formula 
[ML2]„ where M=Co(II), Ni(II) and Zn(II).The results of elemental analyses and FAB 
Mass data confirmed the proposed formulae of ligand, L and the metal complexes as 
[ML2]n. The bonding modes of L with metal ions were ascertained by the band 
positions in IR spectra and resonance peaks observed in 'H and'^C NMRspectra. The 
overall geometry around Co(II) and Ni(II) were drawn on the basis of absorption 
bands obtained in visible spectra. The non-ionic nature of the complexes was 
confirmed by the conductance data. These compounds would be explored for their 
biological activity in future. 
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